The flame stability with regard to two-dimensional exponential perturbations both for the combustion in the half-open fire-chamber and the flame propagating in half-open channels is investigated. It is proved that only instability is possible for the combustion process. At the same time the one-dimensional flame instability is guaranteed near the front wall of the fire-chamber where the fuel supply is realized. Possibilities for the control of combustion in the halfopen fire-chamber and diminishing of intensity of pulsations are discussed.
Introduction
One-dimensional flame instability is investigated analytically [1] for the closed fire-chamber. Such kind of instability does not lead to distortion of the flame front [1, 2] . But the case of multidimensional (two-dimensional) flame instability is more interesting and more complicated from the mathematical point of view. Such instability causes cellular structure of flame and turbulent combustion [4] . Multidimensional flame instability can be also the reason of deflagration-to-detonation transition (DDT) [5] . Realization of one-dimensional instability is impossible under development of multidimensional (twodimensional) perturbations in case of the instable flame front.
Aim
Aim of the research is to investigate two-dimensional stability of flames in half-open channels and chambers and to ground mathematically control of burning in fire-chambers.
Main body
Mathematical model. The following mathematical model of combustion is considered (Fig. 1) . Along x-axis, at x < 0 , the ideal inviscid gas moves at a stationary subsonic velocity 
is occupied by combustible gas mixture, whereas zone "2"
is occupied by the combustion products. The combustion products are the homogeneous inviscid gas moving at a stationary subsonic velocity This model is fit either for the combustion in fire-chamber or for the flame propagating in channel (with the frame of reference connected to the flame front). In the last case the ends of tube or channel must also move in the frame of reference connected to the flame, but this movement is negligible regarding to comparison of the low velocity The parameters of combustible and products of combustion are related to each other by the conservation laws of mass, momentum and energy
where j  is density, 
where  is density, p is pressure, u х , u у are projections of the velocity vector on the coordinate axes, t is time.
Let us consider that the flame front obtains small (infinitesimal) displacement
as a result of accidental processes inside the flame zone. So equation of the disturbed flame front is
where i is unit imaginary number (
 is the wavelength of perturbation. 
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Particular solutions of equations (5) are 
АВТОМАТИЧНІ ТА АВТОМАТИЗОВАНІ СИСТЕМИ УПРАВЛІННЯ ТЕХНОЛОГІЧНИМИ ПРОЦЕСАМИ
where  . This supposition is justified either for the combustion in fire-chamber (if fuel supply is realized without intentional swirling) or for the flame propagating in channel (if combustible gas mixture was not previously disturbed). Taking this supposition into account perturbations in zone "1" are described by such equations 
Boundary conditions. There are three groups of boundary conditions: 1) boundary conditions at the flame front, that is with
2) boundary conditions at the ends of the chamber or the channel, that is with
3) boundary conditions at the side walls of the chamber or the channel, that is with
Boundary conditions at the flame front are laws of conservation of mass and momentum (in two projections on the coordinate axes) for the disturbed flow. In the linear approximation these laws are given by: 
where Re means real part.
Boundary conditions (17)- (23) are all in the dimensionless (unitless) form.
Eigen-value problem. Substitution of particular solutions (6), (11) into boundary conditions (17)- (22) 
where
(
It is enough to know only signs of real parts of roots for the equation (24) to solve the stability problem.
If equation (24) has a root with positive real part (that is Re 0 z  ) then instability takes place. If all the roots of equation (24) have a negative real part (that is Re 0 z  ) then the process is stable to perturbations of the exponential type (5) . But this fact is not a guarantee of the absolute stability for the flow and the flame front.
Function in the left part of the equation (24) is polynomial of the 3rd degree (for z ).
It is known that the combustible gas density is much more than the density of products, that is 2. The main stabilizing factor for flames is viscosity [6] . But this factor is not taken into account in present investigation. 3. Combustion in engines needs control: in some cases to avoid turbulent combustion, in other cases -to get turbulent regime. It is possible to avoid turbulent combustion either by increase of the combustible mixture viscosity or by decrease of the channel width. It is necessary to act contrary to get turbulence in the chamber. Possibilities and methods of such control differs greatly for various engines and fire-chambers. Such possibilities and methods exceed the limits of the present investigation.
